Planning a treatment protocol for patients with osteolyic lesions of lower extremity involves many concerns of different risks. Especially, the reconstruction of large bony defects following surgical resection of the lesions presents a challenge for the operating surgeon.
INTRODUCTION
Benign tumors and tumor-like lesions of bone encompass a broad category of miscellaneous conditions, which tend to form osteolytic destruction of bone [1] .
Both ends of femur and the proximal end of tibia have been described to be most commonly affected by these lesions [1] [2] [3] [4] . Because osteolytic lesions weaken the bones, pathologic fractures, one of serious consequences, are likely to occur to the involved bones [1, 5] . It has been reported that the risk of pathological fracture rises with lesion's size if the peritrochanteric region of femur is affected by osteolytic lesions. Specifically, the cortex of tumor site is destroyed more than half in diameter or 22 mm in length [2, 5] . Thus, choosing an effective treatment for these lesions is a demanding job for the orthopaedic surgeon, who has to take all the involved factors into account, including removal of the lesion, reconstruction of the bone defect, prevention of the lesion from recurrence, avoidance of complications and restoration of limb function.
tumor-like lesions in lower extremities managed by extended curettage and vascularized fibular graft with or without plate fixation.
MATERIALS AND METHODS
All patients signed informed consent for publication of their data before being included in this retrospective study, which was approved by the local ethical committee and performed in accordance with the ethical standards. Between April 2013 and March 2016, ten female and 13 male patients were treated and followed up for active benign tumor or tumor-like lesion in the bones of lower extremities. The average age of the patients at the time of surgery was 27.8 years, ranging from seven to 73 years. Tumors or lesions occurred on left side were in 11 patients and right side in 12 patients. The most common complaint was blunt pain and restriction of joint movements among all the patients. These four patients could not walk normally upon admission. The tumor site of 14 cases was in proximal femur, three in femoral diaphysis, one in distal femur, two in proximal tibia and three in the diaphysis of tibia. Two patients already had pathological fracture on plain radiography on admission. Another two was confirmed having occult fracture of cortex by CT scanning ( Table  1) .
All patients, without exception, received a package of examinations, including plain X-ray, computed tomography (CT) scanning and magnetic resonance imaging (MRI) of the suspected bone and adjacent joints. In four patients of giant cell tumor, emission computed tomography (ECT) was used to study the activity of the tumor and CT of the chest was also done to check lung metastasis.
With the aid of c-arm fluoroscopy, pre-operative needle biopsy was done to gain the histological diagnosis (Table 1 ) and to help making proper surgical procedures. There were ten patients having benign tumors, including four giant cell tumors (GCT), two osteoid osteomas, two desmoplastic fibromas, one enchondroma and one chondromyxoid fibroma (CMF). The other 13 patients had tumor-like lesions, including six fibrous dysplasias (FD), three aneurysmal bone cysts (ABC), three simple bone cysts (SBC), and one brown tumor of hyperparathyroidism.
Operations were performed under general anesthetic. Two teams of surgeons collaborated efficiently, team one for removal of the lesion, team two for harvesting vascularized fibula. Depending on the difference of tumor site, appropriate incision was designed to expose and remove the lesion fully. At least one artery and its two accompanying veins were dissected, which would be reunited with the vessels of the fibula. For example, given that the tumor grows in the proximal femur, hip anterior approach (Smith-Petersen incision) [6] would be applied. Meanwhile, the ascending branch of the lateral femoral circumflex artery and its two veins typically run in here, so these vessels would be used for transplanting the vascularized fibula here by microvascular technique.
After finishing the exposure of tumor site, usually before any further step, the cortex just over the lesion was pricked and a piece of tumor tissue sample was taken out for rapid frozen section to rule out any possibility of malignancy once again. Only if the diagnosis of frozen sectioning matches that of the pre-operative needle biopsy, suggesting benign tumor or tumorlike lesion, the pricked hole would be expanded to a cortical window as large as the lesion. Extended curettage of the lesion was implemented via the window with the procedures as described by Kundu et al [7] . The bulk of the tumor was scooped out and kept for routine pathological examination. There often was a sclerotic margin on the inner side of the cavity. It was burred with a high-speed bur until bony surface with punctate visible bleeding. Next, the 50% zinc chloride was used as an adjuvant to "burn" the tumor cavity chemically [8] . After that, the cavity was further treated with hydrogen peroxide, distilled water and twice of saline in sequence. Nooks and corners were carefully washed to avoid leaving residual tumor cells in the cavity. The surgeons of team one were required to change gloves, gowns, draping and instruments and got ready for the reconstruction of bone defect with the vascularized fibula.
As long as it was confirmed by rapid frozen section that the lesion was benign, the surgeons in team two would start to make a longitudinal incision over the lateral aspect of the fibula [9] . Superficial dissection was performed in the interval between the peroneus longus muscle anteriorly and the soleus posteriorly. The diaphysis of the fibula was then circumferentially exposed, leaving a 5-mm layer of soft tissue as "muscular sleeve", with carefully preserving the periosteal blood supply to fibula. No matter pedicled or free vascularized fibula would be harvested ( Fig. 1a, b ), the peroneal artery and veins were identified along the posterior aspect of the fibula and separated till their original junction with posterior tibial vessels.
Following the treatment of the lesion, the fibula was transplanted to the host site. Mostly, the fibula was cut into segments and folded to fit the bony cavity ( Fig. 2) [10, 11] . Under microscope, one artery and two veins of the free fibular were anastomosed to the dissected vessels in the host site with 10-0 microsurgical stitches, reinstituting both arterial inflow and venous outflow to the fibular graft. The punctate bleeding from the surface of "muscular sleeve" was considered as a sign of satisfactory anastomosis, which was present in all our cases. Mostly, a locking plate was used to fix the affected bone. Minimally invasive percutaneous plating technique and image intensification was used. The plate was placed like a bridge over the tumor-weakened site, while precautions was taken to avoid the screws interfering the blood supply of the transplanted fibula ( Fig. 3, 4 , 5). Closure in layers was done with negative pressure drain.
Fig1. Fibular graft harvested with peroneal vessels and soft-tissue "muscle sleeve". The proximal end of peroneal vessels is intact for pedicled transplant (a). The both ends of peroneal vessels have been cut for free vascularized graft (b).

Fig2. Case 1. A 41-year-old male with giant cell tumor of the left proximal tumor. Preoperative X-ray (a) and CT scanning (b) show that the osteolytic lesion destructed more than 50 % bone in the transverse section. c, immediately postoperative X-ray. d, X-ray at 6-month follow-up. e, X-ray at final follow-up (71months) showing healing of the lesion and bone fusion between the vascularized fibular graft and the recipient bony cavity.
Fig3. Case 2. A 27-year-old female with fibrous dysplasia of the left proximal femur. Preoperative X-ray (a)
shows the " ground glass" appearance of the clearly defined, fibro-osseous femoral neck lesion. b, X-ray immediately after the surgery. c, X-ray at 6-month follow-up shows no evidence of recurrence. d, X-ray at final follow-up (25months) showing consolidation and reconstruction of the femoral neck.
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Fig4. Case 8. A 9-year-old male with chondromyxoid fibroma. X-ray (a) and MRI (b) radiolucent lesion with sclerotic contours in the diaphysis of the right tibial. c X-ray immediately after the surgery shows pedicled vascularized fibular graft was transplanted for rebuilding ipsilateral tibial defect. X-ray at 3-month (d) and 9month (e) follow-up show no progression of the valgus deformity of the knee and no recurrence of the lesion. Xray at final follow-up (20 months) (f) shows the internal fixation was removed and bone healing was excellent.
Fig5. Case 13. A 16-year-old female with aneurysmal bone cyst (ABC). X-ray (a) and MRI (b) show radiolucent and osteolytic lesion in the trochanteric area of right femur. Due to post-operative deep hemorrhage, she developed subcutaneous liquefactive necrosis at the incision, which healed after the second surgery. c, X-ray immediately after the surgery. X-ray at 3-month (d) and 12-month (e) follow-up show no recurrence of the lesion. X-ray at final follow-up (42 months) (f, g) shows the internal fixation was removed and bone healing was excellent.
During the induction of anaesthesia a bolus dose of prophylactic antibiotics were usually given intravenously to ensure adequate tissue concentrations at the beginning of surgery. Because the surgeries most frequently lasted longer than four hours, another dose of antibiotic was utilized to maintain a persistent tissue concentration.
Intravenous dextran and subcutaneous heparin were administrated for 3-5 days to decrease vascular thrombosis of the fibula graft. [12, 13] The drain system was usually removed within 48 hours. The suture was removed at 14 days. Early postoperative exercises started in the recovery room shortly after the operation to keep normal joint motion and muscle strength. The weightbearing and daily activities were gradually encouraged, which were thought very important for their full recovery.
Patients were followed up monthly within the first six months after surgery and then every three months for the following years. The preoperative
Vascularized Fibular Graft Reconstructing Large Bone Defects after Extended Curettage of Osteolytic Lesions in Lower Extremities
and postoperative functional conditions were evaluated by the MSTS score (Musculoskeletal Tumour Society Score), which is originally described by Enneking et al in 1987 [14] . It is calculated on the basis of a standardized physical examination by the assessor. This incorporates in six clinical examinations. It's criteria differs slightly between the upper and lower limb. Three of them are pertinent to patients as a whole such as pain, functional activities, and emotional acceptance. The other three are use of external supports, walking ability, and gait, which are specific for the lower limb. Each item is scaled from 0 to 5, with a maximum score of 30. The values of all items were added, and the functional score was presented as a percentage of the maximum possible score. The higher the score is, the better the function is, vice versa.
At follow-up points, X-ray, sometimes CT, was done to figure out any signs of recurrence, pathological fractures or osteonecrosis. The changes in the lesion border, adjacent joint, as well as the status of internal fixation were observed ( Fig. 2, 3 , 4) . Table 1 shows the clinical details of all the patients, including gender, age, diagnosis, tumor location, size of tumor, existing pathological fracture or not, pedicled or free fibula being transplanted, with internal fixation or without, bony healing time and the MSTS scores [14] .
RESULTS
There were two patients, who were preoperatively diagnosed as aneurysmal bone cyst, had problems in incision healing. One developed subcutaneous liquefactive necrosis. The other had post-operative deep hemorrhage, which was thought as a result of bleeding from the fibula graft. Both were treated by debridement without the removal of the bone graft. The wounds successfully healed without infection two weeks after the second surgery. The incisions of all other cases healed very well as expected.
There was a child, who was diagnosed chondromyxoid fibroma (CMF) in his right tibia. Though a mild valgus deformity of the ipsilateral knee was found in a child case with, no progression of the valgus deformity showed up until 45 months follow-up, comparing with his pre-operative radiographs (Fig 4) .
On 12-month follow-up, a 38-year-old female developed tumor recurrence, which originally was diagnosed as giant cell tumor (GCT) of right proximal femur (Fig. 6 ). Although she underwent extensive resection of the proximal femur, reconstruction with customized prosthesis (Fig.  6g ) and post-operative adjuvant radiotherapy, the patient eventually died from lung metastases and its complications 7 months after the revision surgery. The mean length that all patients were followed up was 43.1 months, ranging from 24 to 77 months. Except for the above case of death, all the other 22 patients showed disease free at the final follow-up. Among them, there was no evidence of 1) local recurrence or distant metastases, 2) loosening or fracture of the fixed plates, 3) pathologic fractures, 4) avascular necrosis or other complications of the fibular graft, 5) stiffness of adjacent joints. Bony union was achieved in all these 22 patients, which was approved by walking without pain and gradual disappearance of the gap between fibula and the bone in host site, with trabeculae growing across it (Fig 2, 3, 4, 5 ). The average time of bony union showed on radiography was 4.3 months, ranging from 2 to 7 months. The preoperative and postoperative MSTS scores were 80.04% ± 24.09% (6.67%-100.00%) and 93.19% ± 17.39% (16.67%-100.00%), respectively.
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DISCUSSION
Diversities in cellular origin or tissue source make differential diagnosis of tumors and tumorlike lesions of bones quite complicated and ambiguous. It is not rare that uncertain diagnoses, even misdiagnoses, appear in the reports of pathological examination [15, 16] . The main treatments used for benign tumors and tumor-like lesions of bone are surgery. The operation varies depending on the type and site of the tumor. In some cases, tumors themselves are benign, but they are more destructive because the affected bones are adjacent to joints. It is challenging to design the surgical procedures, which involves how to completely remove the tumor and how to reconstruct the bone that's been affected or removed. It is even more difficult to avoid operative complications if the aim of treatment is to restore limb function without any loss [1, 2, 4] .
Curettage is one of the most common treatment options for benign lytic bone tumors and tumorlike lesions [1] [2] [3] [4] [17] [18] [19] . However, after intralesional curettage of these lesions, highspeed burring, electrocautery, phenol, hydrogen peroxide, liquid nitrogen and absolute alcohol are generally advocated by many surgeons as several adjuvant treatment methods to reduce the rate of local recurrence [4, 8, 20, 21] . It was reported that diluted aqueous zinc chloride solution was previously applied as a kind of disinfectant [22] . It also was used as an alternative chemical to cause eschars and scabs of cancer tissue [23] . In our cases, we treated the lesion wall using 50% aqueous zinc chloride solution to destroy the remaining cells and thus to reduce the risk of local recurrence. This solution, as a chemical, has characteristics of permeability, corrosion, protein denaturation and cytotoxicity [8] . It can infiltrate 1-2 mm cortical bone to effectively kill remnant tumor cells hiding in the lacunae of the tumor bed.
Giant cell tumor (GCT) is known as one of the most common benign bone tumors. It is locally aggressive and sometimes may metastasize to lungs [19, 24, 25] . Rock et al. had reported a sixfold higher risk of lung metastasis in patients who experienced local recurrence of GCT compared with patients with no history of local recurrence [24] . Local recurrence of GCT is considered as a risk factor for lung metastasis in many studies [19] .
Some scholars advocate wide resection of GCT affected segment and prosthetic reconstruction to prevent local recurrence in the patients with higher risk. Wide resection of the entire tumor theoretically offers an advantage of lower recurrence risk, but it is usually associated with poor long-term outcome [7, 11, [19] [20] [21] 26] . It is reported that local recurrence rate of GCT could be as high as 20% after intralesional curettage, but curettage has advantages of joint preservation and excellent functions [21, 27] . The four patients of GCT were relatively young in this study. The tumor lesions were confined in intact cortical walls. No obvious pathological fracture was found on radiography. We used curettage combining with burring and zinc chloride as adjuvant treatments to treat these cases of GCT. Unfortunately, one GCT at Campanacci stage III [28] had local recurrence on 12-month follow-up ( Fig. 6 ).
This 38-year-old female patient finally died from lung metastasis. The other three cases of GCT remained disease-free with satisfactory limb function until the latest follow-up (Fig. 2) . However, there were only four cases of GCT involved in this study. The sample size was too small to say whether the surgical treatment we used was good enough to treat GCT without controversy.
Fibrous dysplasia (FD) is a common tumor-like bone disorder, accounting for 5-10% benign bone lesions, which rarely becomes malignant [4, 29, 30] . Because bone-forming cells fail to mature and produce too much fibrous tissue, the replacement of normal bone may lead to pain, misshapen bones, and pathological fracture, especially when it occurs in the long bones, like proximal femur (Fig. 3) . Surgical treatment might not be required in an asymptomatic case of FD. However, surgery is recommended if a fracture occurs or is likely to occur. Surgery may also be indicated to relieve pain or be in an effort to correct the shape of the bone [4, 29, 30] . If a symptomatic lesion of FD continues to grow even in mature bone, it is essential to perform a biopsy and make a confirmed diagnosis [4] . FD can affect one bone or multiple bones, also known being monostotic or polyostotic. Curettage with cancellous bone graft usually produces satisfactory results in treating patients with monostotic lesion. However, it is not easy at all to completely remove out the lesion without residue. The left lesion could replace the implanted cancellous bone quickly and lead treatment to failure. This is especially true for the
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lesion occurring in proximal femur, where the lesion can be very large and grow very actively [4, 31, 32] . There were six cases of FD included in this study, which all located in the proximal femur with no exception. The mean size of lesions was 89.9 cubic centimeters. In these cases, the limited bone harvested from iliac crest was not enough to fill the large bony cavity. The iliac bone graft is not strong enough in proximal femur.
An aneurysmal bone cysts (ABC) are benign tumour-like bone lesions, which are blood-filled, fibrous cysts of uncertain aetiology. The lesion of ABC can cause pain, swelling and fractures with aggressive and destructive processing in the affected bone [33] . In this study, No recurrence showed in the three patients with ABC, who underwent curettage, high-speed burring and zinc chloride. Well bone healing was observed in all cases up to two years of follow-up ( Fig. 5 ). We believe that treating lesion wall with zinc chloride is a key contributor to this good result.
Benign bone tumors generally are not life threatening, but some of them aggressively replace healthy bone tissue with abnormal tissue. So these tumors can weaken the bones they develop in. There would be a resultant defect after curettage of a bone tumor, which usually needs to be filled up. Materials that can be used in filling usually are divided in four groups: autografts, allografts, xenografts and synthetic biomaterials [1, 4, [6] [7] [8] .
Bone cement is one of alternative biomaterials, which has been used for a long time but not biodegradable. It can provide structural support with strong compressive strength that is greater than cancellous bone, but it poorly resists shear and torsion [1, 8] . Therefore, if bone cement is used to pack the defects in the bones of lower extremities, there would be high risk of occurring fracture through the tumor site, where shearing and torsional stress always act [8, 34] . Among these materials, autologous bone graft is considered as gold standard, because it has the best osteoconductive and osteoinductive properties [1, 35, 36] . It contains viable osteogenic cells and bone morphogenetic proteins (BMPs), which are the most vulnerable things to stimulate bone regeneration [35, 36] .
It also has been reported that the risk of pathological fracture increases with the size of lesion [37, 38] . Kundu ZS et al used sartorius pedicled bone grafting to treat 16 patients with benign lytic lesions in the femoral neck and achieved excellent outcome in all patients. [1] In this study, the tumor site of 14 cases was the proximal femur, autologous bone only harvested from iliac crest is often not adequate to fill up the large cavity in the intertrochanteric region of femur. In some cases, the lesion almost destructed the femoral neck so that it was very close to the cartilage of femoral head (Fig. 3) . It is convenient to harvest bone graft from the patient's iliac crest under the same anesthetic. However, the iliac bone graft is often not only limited in quantity, but also not strong enough in quality. In other words, the supporting strength of iliac bone sometimes doesn't meet the mechanical requirements of the lower extremity.
On the other hand, the iliac bone graft is not vascularized. The process of creeping substitution takes a very long time to be completed. During this process, the activities of the patients have to be confined, from which muscle atrophy, disuse osteoporosis, joint stiffness and other serious complications are likely to result. Since Taylor GI et al [9] . Firstly used vascularized fibular graft to reconstruct a large defect in a tibia in 1975, free vascularized fibular graft has been widely accepted for the reconstruction of long bone defect, especially when the defect is greater than 6cm [10, 11] . Malizos KN et al. stated that free vascularized fibular graft is also indicated if the blood supply of lesion site is deficient [39] . Enneking WF et al. reported that the bony union rate of nonvascularized bone grafts was very low in a series of cases with over 7-cm bone defects [40] . However, vascularized fibular graft has advantages in reconstruction of important structures, such as intertrochanteric area, femoral neck, etc. because it can not only provide a large volume of bone graft but also strong mechanical support for the host site [11, 39, 41, 42] . Vascularized fibular graft lives on its own vessels. So, theoretically, neither avascular necrosis nor creeping substitution is necessary. It takes a shorter time to finish bony union between vascularized fibular graft and host site than the process of creeping substitution. Because vascularized fibular graft has its own blood supply, it has ability to protect bone graft from infection [12, 13, 41] .
It should not be neglected to restore mechanical strength of the bones weakened by tumor after the tumor is completely removed [1, 41] .
Applying internal fixation is a common way to prevent the bone of tumor site from happening postoperative pathologic fracture [42] . Patients can be more confident in performing postoperative exercises to avoid joint adhesion, osteoporosis and muscle atrophy of the affected limb. In our study, we used locking plate in 18 cases. Because the incidence of bone tumor and tumor-like lesions is relatively low, there were only 23 patients of our department could be included in this study. It is hard to have another group of patients as control to compare with these patients who underwent vascularized fibular graft. Second, the mean follow-up of our patients is for about 43 months. The time just goes beyond the term during which most recurrences occur [43] [44] [45] . A longer term follow-up of these patients is planned to carry on.
In summary, the initial mid-term results of this series of patients are quite encouraging. Our strategy is comprehensive, but effective in the management for patients with benign bone tumors or tumor-like lesions, in which we applied curettage, zinc chloride, vascularized fibular graft and internal fixation. The surgical technique of vascularizing fibular graft is demanding. It is hard to be proficiently mastered by the surgeons. However, if it is successfully applied in treating the patients with bone tumors or tumor-like lesions, the patients will benefit from reduced recurrence of tumor and rapid restored functions of the involved limb.
